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Abstract
Acute non-necrotizing cellulitis is a skin infection with a tendency to recur. Both general and local risk factors for erysipelas or cellulitis
have been recognized in previous studies using hospitalized controls. The aim of this study was to identify risk factors for cellulitis using
controls recruited from the general population. We also compared patients with a history of previous cellulitis with those suffering a
single episode, with regard to the risk factors: length of stay in hospital, duration of fever, and inﬂammatory response as measured by
C-reactive protein (CRP) level and leukocyte count. Ninety hospitalized cellulitis patients and 90 population controls matched for age
and sex were interviewed and clinically examined during the period April 2004 to March 2005. In multivariate analysis, chronic oedema
of the extremity, disruption of the cutaneous barrier and obesity were independently associated with acute cellulitis. Forty-four (49%)
patients had a positive history (PH) of at least one cellulitis episode before entering the study. Obesity and previous ipsilateral surgical
procedure were statistically signiﬁcantly more common in PH patients, whereas a recent (<1 month) traumatic wound was more com-
mon in patients with a negative history (NH) of cellulitis. PH patients had longer duration of fever and hospital stay, and their CRP and
leukocyte values more often peaked at a high level than those of NH patients. Oedema, broken skin and obesity are risk factors for
acute cellulitis. The inﬂammatory response as indicated by CRP level and leukocyte count is statistically signiﬁcantly more severe in PH
than NH patients.
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Introduction
Bacterial non-necrotizing cellulitis and erysipelas are acute
infections of the skin and subcutaneous tissue. Erysipelas is
often considered to be a superﬁcial form of acute cellulitis.
The typical clinical presentation of classic erysipelas is an
acute onset of fever or chills together with localized skin
inﬂammation that is sharply demarcated from the surround-
ing normal skin. Cellulitis usually comprises more deeply situ-
ated skin infection. The distinction between erysipelas and
cellulitis is not clear-cut [1]. In clinical practice, especially in
northern Europe, the term erysipelas is often used for cases
beyond those meeting the strict deﬁnition, reﬂecting the
common clinical features of these entities: sudden onset,
usually high fever, response to similar treatment, and a ten-
dency to recur. The most important causative organisms
are group A and group G b-haemolytic streptococci and
Staphylococcus aureus [2–7].
Chronic leg oedema, obesity, history of previous erysipelas,
prior saphenectomy, skin lesions as possible sites of bacterial
entry and bacterial colonization of toe-webs have been recog-
nized in previous case–control studies as risk factors for ery-
sipelas or cellulitis of the leg [8–11]. In previous studies on
recurrent cellulitis, overweight, venous insufﬁciency, chronic
oedema, smoking, homelessness, prior malignancy, trauma or
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previous surgical intervention, ipsilateral dermatitis and tinea
pedis have been recognized as risk factors [12–15].
The aim of the present prospective study was to evaluate
the risk factors for acute infectious non-necrotizing cellulitis
in hospitalized patients in comparison with age-matched and
sex-matched community controls. We also compared the
risk factors and inﬂammatory response as measured by the
level of C-reactive protein (CRP), leukocyte count and dura-
tion of fever between patients with and without a previous
history of cellulitis.
Patients and Methods
Study design
Consecutive patients ‡18 years of age hospitalized for
acute cellulitis were recruited into the study between April
2004 and March 2005 in two infectious diseases wards in
Tampere University Hospital and Hatanpa¨a¨ City Hospital,
Tampere, which together serve the 500 000 population liv-
ing in the city of Tampere and its surroundings. Patients
referred by the primary physician to the two wards with a
diagnosis of acute cellulitis or erysipelas were eligible to
participate in the study. Ward nurses obtained informed
consent and took the bacteriological samples on admission.
The diagnosis of acute bacterial non-necrotizing cellulitis
was conﬁrmed by a specialist physician (MK) within 4 days
from admission, and patients were subsequently interviewed
and clinically examined. Data were collected concerning
possible underlying general and local risk factors. The study
was approved by the Ethical Review Board of Pirkanmaa
District.
The bacteriological ﬁndings have been published elsewhere
[2]. For all 90 patients, serum CRP level and leukocyte count
were measured on admission (day 1) and during the next
4 days (days 2–5). The CRP level was measured two to ﬁve
times, until it was declining. The CRP level was measured by
the Roche Diagnostics CRP method using a Cobas Integra
analyser (F. Hoffman-La Roche, Basel, Switzerland). Leuko-
cyte counts were measured by the standard laboratory
method. High CRP level and high leukocyte value were
deﬁned as CRP level or leukocyte count above the 75th per-
centile of those of the whole patient population.
Case and control deﬁnition
Acute bacterial non-necrotizing cellulitis was deﬁned by a
recent history of acute onset of fever or chills and localized
erythema of the skin on one extremity or the typical appear-
ance of a well-demarcated skin lesion on the face, with or
without fever or chills.
For each patient, one control subject living in Tampere
and matched for age (same year and month of birth) and
sex was recruited. For a given patient, six control candi-
dates were randomly sampled from the records of the
Finnish Population Register Centre and, in random order,
asked by letter to participate in the study, at 2-week
intervals until the ﬁrst response was received. The reasons
for non-participation could not be established. A recruited
control was excluded if he or she had suffered from any
cellulitis episode, and a new control was asked to partici-
pate. Control subjects were interviewed and examined by
MK.
Alcohol abuse was deﬁned as any social or medical prob-
lem recorded as being related to overuse of alcohol in a
patient’s or control subject’s medical history. Obesity was
deﬁned as body mass index ‡30. Data on cardiovascular dis-
ease, diabetes and other underlying diseases were obtained
from the medical records of the patients and control sub-
jects, and based on diagnoses made by a physician. Chronic
oedema was deﬁned as any oedema (venous or lymphatic)
present at the time of examination and considered to be
chronic in the medical record or interview. Traumatic
wounds and chronic ulcers, skin diseases and any previous
surgical operations on the extremities or head were
recorded by clinical examination and interview. Toe-web
intertrigo was deﬁned as any alteration of normal skin integ-
rity in the toe-web space observed upon examination. Dura-
tion of fever after admission to hospital was deﬁned as
number of days on which a tympanic temperature ‡37.5C
was recorded for a given patient. On the basis of interview,
the number of days with temperature ‡37.5C before admis-
sion to hospital was also recorded. The elderly were deﬁned
as those aged >65 years.
Statistical analysis
To describe the data, median and range or minimum and
maximum values are given for skew-distributed continuous
variables. Univariate analysis was performed by McNemar’s
test in order to identify factors associated with cellulitis. The
main univariate analyses included calculation of ORs and
their 95% CIs. A conditional logistic regression analysis
(Method Enter) was performed to bring out independent risk
factors for cellulitis. Factors emerging as signiﬁcant in the
univariate analysis or otherwise considered to be relevant
(diabetes, and cardiovascular and malignant diseases) were
included in the multivariate analysis, which at ﬁrst was under-
taken separately for general and local (ipsilateral) risk factors.
Finally, all variables, both general and local, that proved to be
associated with acute cellulitis were included in the last mul-
tivariate analysis.
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For each patient and the corresponding control, a local
risk factor was considered to be present if it was situated on
the same anatomical (ipsilateral) site as the cellulitis lesion.
When studying local risk factors, we created a new variable,
disruption of the cutaneous barrier, including toe-web inter-
trigo, chronic dermatitis, and a traumatic wound within the
last month.
Correlations between two continuous variables (one
or both variables non-normally distributed) were calcu-
lated using Spearman (rS) bivariate correlation. Associations
between categorical variables and continuous non-normally
distributed variables were calculated using the Mann–Whit-
ney U-test. Relationships between categorical variables
were analysed by chi-squared or Fisher’s exact test when
appropriate. A logistic regression analysis (Method Enter)
was performed in order to study the effect of a positive
previous history of cellulitis on the length of stay in hospi-
tal over 7 days by adjusting for the effect of being elderly
or diabetic.
Results
Of the 104 patients identiﬁed, 90 were included in the study,
eight refused, and six were excluded after recruitment
because of obvious alternative diagnoses or non-fulﬁlment of
the case deﬁnition (gout, three patients; S. aureus abscess,
one patient; S. aureus wound infection, one patient; no fever
or chills in conjunction with erythema in one leg, one
patient). Of the 302 matching controls contacted, 90 were
included, two were excluded because they had suffered from
cellulitis, and 210 did not reply. All patients and controls
were of Finnish origin. There was no intravenous drug use
or human immunodeﬁciency virus infection among the
patients or controls. Fifty-eight of the 90 patients (64%)
were male. The median age of the subjects was 58 years
(range 21–90 years), and the median body mass index values
of patients and controls were 29.1 (range 19.6–65.2) and
26.5 (range 17.4–40.7), respectively. The cellulitis was local-
ized in the lower extremity in 76 (84%) of the 90 patients, in
the upper extremity in seven (8%), and in the face in seven
(8%). Four patients had one recurrence, and two patients
two recurrences, during the study period, but the analysis
included the ﬁrst episode only.
Risk factors for acute cellulitis
Table 1 shows the results of univariate analysis of all—both
general and local (ipsilateral)—risk factors studied. Multivari-
ate analysis was at ﬁrst performed separately for general and
local risk factors, and those appearing as signiﬁcant were
included in the ﬁnal multivariate analysis (Table 2). The ﬁnal
analysis included only lower-limb cellulitis patients, because
the combined variable ‘disruption of cutaneous barrier’ is
not relevant in the upper limb or the face.
Patients with a positive history of cellulitis as compared
with those with a negative history
Forty-four of the 90 patients had a positive history (PH) and
46 a negative history (NH) of at least one previous cellulitis
episode before recruitment to the study (median, one epi-
TABLE 1. Univariate analysis of general and local (ipsilat-
eral) risk factors for acute cellulitis among 90 hospitalized
patients and 90 control subjects
Patients Controls Univariate analysis
Risk factor N (%) N (%) OR (95% CI)
General
Alcohol abuse 12 (13) 2 (2) 6.0 (1.3–26.8)
Obesity (BMI ‡30) 37 (41) 15 (17) 4.7 (1.9–11.3)
Current smoking 32 (36) 16 (18) 3.0 (1.3–6.7)
Malignant disease 14 (16)a 6 (7)b 2.6 (0.9–7.3)
Cardiovascular disease 18 (20) 9 (10) 2.5 (1.0–6.4)
Diabetesc 13 (14) 9 (10) 1.7 (0.6–4.6)
Local
Chronic oedema of the
extremity (n = 83)d
23 (28) 3 (4) 21.0 (2.8–156.1)
Traumatic wound <1 month 15 (17) 4 (4) 3.8 (1.2–11.3)
Skin disease 29 (32) 12 (13) 3.8 (1.6–9.4)
Toe-web intertrigo (n = 76)e 50 (66) 25 (33) 3.5 (1.7–7.1)
Previous operation
>1 month
39 (43) 22 (24) 2.4 (1.2–4.7)
Chronic ulcer 6 (7) 0 ¥
Disruption of cutaneous
barrier (n = 76)e,f
67 (86) 35 (46) 11.3 (4.0–31.3)
BMI, body mass index.
aBreast cancer (six patients), prostate cancer (two patients), cancer of the blad-
der, vulva, kidney and throat (one patient each), osteosarcoma (one patient),
and lymphoma (one patient). Of the six patients with breast cancer, three had
cellulitis on the upper extremity.
bProstate cancer (three control patients), cancer of the breast, colon and thy-
roid (one control patient each).
cType 2, except for one patient with type 1.
dCalculated for lower and upper extremities.
eCalculated for lower extremities only.
fDisruption of cutaneous barrier comprises traumatic wounds <1 month, skin
disease, toe-web intertrigo, and chronic ulcers. This combined variable was used
in multivariate analysis.
TABLE 2. Final multivariate analysis of all risk factors found
to be signiﬁcant in the previous separate multivariate analy-
ses; only lower-limb cellulitis patients are included (n = 76)
Risk factor OR 95% CI
Chronic oedema of the extremity 11.5 1.2–114.4
Disruption of cutaneous barriera 6.2 1.9–20.2
Obesity (BMI ‡30) 5.2 1.3–20.9
Malignant disease 2.0 0.5–8.9
Current smoking 1.4 0.4–5.3
BMI, body mass index.
aTraumatic wounds <1 month, skin disease, toe-web intertrigo, and chronic
ulcers.
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sode; range, one to eight episodes). Six PH patients also
experienced a recurrence during the study period, whereas
no recurrences occurred among NH patients. The median
age of both the PH and NH patients was 58 years
(ranges 21–90 years and 27–84 years, respectively) at the
time of the study. On the basis of interview, PH patients
were found to have been younger than NH patients at the
time of their ﬁrst cellulitis episode (median 49 years,
range 12–78 years vs. median 58 years, range 28–84 years,
respectively, p 0.004).
We compared PH and NH patients with regard to general
and local risk factors (Table 3). In univariate analysis of PH
patients as compared with their corresponding controls, the
OR for obesity was 9.5 (95% CI 2.2–40.8), the OR for
previous operation was 3.4 (95% CI 1.3–9.2), and the OR
for traumatic wound was 1.5 (95% CI 0.25–9.0). Similarly, for
NH patients, the OR for obesity was 2.3 (95% CI 0.69–7.3),
the OR for previous operation was 1.7 (95% CI 0.67–4.4),
and the OR for traumatic wound was 6.0 (95% CI 1.3–26.8).
Among the CRP estimations, the peak was recorded on
day 1 in 51 (57%) patients, and on days 2, 3 and 4 in 25
(28%), 12 (13%) and two (2%) patients, respectively. The
peak CRP value ranged from 5 to 365 mg/L (median 161 mg/
L). Patients with PH had longer hospital stay and showed a
stronger inﬂammatory response than those with NH, as
shown by peak CRP level, peak leukocyte count, and fever
after admission to hospital (Table 3). The median duration of
fever prior to admission was 1 day for both PH patients
(range 0–5) and NH patients (range 0–4).
As length of stay (LOS) was associated with patients’ age,
diabetic status, and history of cellulitis (data not shown), we
studied the effect of a history of cellulitis on an LOS of more
than 7 days by adjusting the effect of being elderly and diabetic
in a multivariate model. In this model, the effect of PH
remained signiﬁcant (p 0.02). ORs for LOS over 7 days were
3.1 for PH (95% CI 1.2–8.1), 5.4 for being elderly (95% CI 1.9–
15.4), and 3.0 for being diabetic (95% CI 0.7–12.8).
Discussion
Our ﬁndings suggest that chronic oedema of the extremity,
disruption of the cutaneous barrier and obesity are indepen-
dent risk factors for acute cellulitis leading to hospitalization,
which is in line with the results of earlier studies [8,9,11].
Patients who had a history of previous cellulitis tended to be
more overweight, had previous operations at the ipsilateral
site more often, and showed a stronger inﬂammatory
response as measured by CRP level and leukocyte count. To
our knowledge, this is the ﬁrst study on cellulitis with the
TABLE 3. Univariate analysis of
risk factors, laboratory parame-
ters, length of stay and duration of
fever from admission to hospital
among 44 patients with a positive
history of previous cellulitis and 46
patients with a negative history of
previous cellulitis
Patients with
positive history
of cellulitis (n = 44)
Patients with
negative history
of cellulitis (n = 46)
p-value
(chi-squared test)N (%) N (%)
Alcohol abuse 5 (11) 7 (15) 0.591
Obesity (BMI ‡30) 24 (55) 13 (28) 0.014
Current smoking 15 (36) 17 (37) 0.839
Malignant disease 6 (14) 8 (17) 0.501
Cardiovascular disease 6 (14) 12 (26) 0.14
Diabetes 8 (18) 5 (11) 0.324
Chronic oedema of the extremitya 14 (33) 9 (23) 0.306
Disruption of the cutaneous barrierb 37 (88) 30 (88) 0.985
Traumatic wound <1 month 3 (7) 12 (26) 0.014
Skin diseases 13 (30) 16 (35) 0.595
Toe-web intertrigob 30 (71) 20 (59) 0.249
Chronic ulcer 5 (11) 1 (2) 0.107c
Previous operation 24 (55) 15 (33) 0.036
Antibiotic treatment before admission 16 (36) 10 (22) 0.126
High peak CRP level, >218 mg/Ld 15 (34) 7 (15) 0.037
High peak leukocyte countd 15 (34) 7 (15) 0.037
Duration of fever >3 days after
admission to hospitale
9 (20) 1 (2) 0.007c
Length of stay in hospital >7 daysf 29 (66) 19 (41) 0.019
BMI, body mass index; CRP, C-reactive protein.
aCellulitis of the face excluded.
bCellulitis of the face and upper extremities excluded; disruption of cutaneous barrier comprises traumatic wounds
< 1 month, skin disease, toe-web intertrigo, and chronic ulcers. This combined variable was used in multivariate analysis.
cFisher’s exact test.
d Seventy-ﬁfth percentile of patients, coresponding to a CRP level of 218 mg/L and a leukocyte count of 16.9 · 109/L.
eMedian duration of fever after admission to hospital was 1 day (range 0–7 days) for patients with a positive history
and 1 day (range 0–4 days) for patients with a negative history.
fMedian length of stay in hospital was 9 days (range 3–27 days) for patients with a positive history and 7 days
(range 2–25 days) for patients with a negative history.
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controls recruited from the general population instead of
from hospitalized patients. Furthermore, the association of
CRP level, leukocyte count and duration of fever and hospi-
tal stay with recurrences of cellulitis has not been previously
reported.
The patients in the present study represent hospitalized
cellulitis cases. However, the most severe cases, e.g. patients
requiring treatment in the intensive-care unit, were not
included in this study. The proportion of cellulitis patients
treated as outpatients is not known. However, it is likely
that hospitalized cellulitis patients are older and have more
comorbidities than those treated as outpatients. A selection
bias might have affected the control population of the pres-
ent study, because those control candidates responding to
invitation might be, for example, more health-conscious and,
as a consequence, less likely to be obese, alcohol abusers or
smokers than the general population. On the other hand, a
hospitalized control population may be biased in the oppo-
site direction. Inter-observer bias was avoided, as the same
investigator examined all patients and controls. However,
the distinction between chronic oedema and swelling caused
by cellulitis itself was based on interview and thus could not
be objectively assessed.
Risk factors for leg cellulitis may differ from those for arm
or face cellulitis. We therefore analysed risk factors with
regard to their relevance in a particular site, i.e. chronic
oedema in the extremities only, and toe-web intertrigo as
well as disruption of the cutaneous barrier, which included
the former, in the lower extremities only.
The median age of PH patients did not differ from that
of NH patients. Moreover, PH patients had been signiﬁ-
cantly younger at the time of their ﬁrst cellulitis episode
than NH patients. If the predisposing factors are the same
for a single cellulitis episode and for recurrences, one
would expect PH patients to be older than NH patients. In
two previous studies, this was indeed the case, in contrast
to our ﬁndings [8,13]. However, up to 50% of NH patients
may suffer a recurrence [14,16] and thus actually belong to
the PH group, a fact that detracts from the validity of the
conclusions. This issue will be addressed in a subsequent
follow-up study.
The LOS in hospital is determined by the subjective deci-
sion of the treating physician, and obviously depends on clini-
cal signs of disease activity. It may also depend on the age
and social circumstances of the patient, as well as on comor-
bidities [17,18]. In the present study, the LOS was associated
with recurrent cellulitis independently of the age or diabetic
status of the patient.
In conclusion, the present ﬁndings support those of ear-
lier case–control studies, in that chronic oedema, disruption
of the cutaneous barrier and obesity proved to be risk fac-
tors for hospitalization due to acute non-necrotizing celluli-
tis. In addition, obesity and a previous ipsilateral surgical
procedure were statistically signiﬁcantly more common in
patients with a PH of cellulitis, whereas a recent (<1 month)
traumatic wound was more common in patients with an
NH of cellulitis. PH patients had longer duration of fever
and hospital stay, and their CRP and leukocyte values more
often peaked at a high level, as compared with NH
patients.
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